In this study, the levels of natural and anthropogenic radioactivity in the sediment samples, collected from Beni Haroun Dam, were investigated using gamma-ray spectrometry. The results obtained for the 238 U, 232 Th series, 40 K natural element and 137 Cs anthropogenic radionuclide are discussed. To evaluate the radiological hazard of radioactivity in samples, the absorbed dose rate, the annual effective dose, the radium equivalent activity Raeq, the external and internal hazard indices Hex and Hin were calculated and presented in comparison with the data collected from different areas in the world.
Introduction
Radiation is present everywhere, even without any human contribution. According to the UNSCEAR report, approximately 86% of the radiation to which humans are exposed, arises from natural radioactivity ( 238 U, 232 Th series and 40 K) and the remaining 14% are from anthropogenic radioactivity ( 137 Cs) [1, 2] . The activity of natural radionuclides in soil and sediment depends mainly on the type of the rocks from which they originate [3] [4] [5] . The anthropogenic radionuclide 137 Cs has been produced and released into the environment by human nuclear activity, including nuclear weapons testing, the operation of nuclear power plants, research reactors, and nuclear fuel reprocessing [1, 2] .
In order to obtain the information about the present levels of environmental radioactivity, various studies were carried out in many countries [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . In the current work, sediment samples were collected near Beni Haroun Dam. This artificial dam is located at 36
• 33 19 N, 6
• 16 11 E, in North-Eastern Algeria, at about 40 km north of Constantine Province.
The aim of this study is the measurement of the 238 U, 235 U, 232 Th, 40 K and 137 Cs radionuclide concentrations, to provide background data on natural and anthropogenic radioactive isotopes for the studied region. Additionally, the total absorbed dose rate (ADR), the annual effective dose equivalent (AED), the average radium equivalent activity Ra eq , the external and internal hazard indices H ex , H in were calculated and compared with the results from the literature.
Sampling and measurements
In order to evaluate, the radioactivity levels of natural and anthropogenic radionuclides, surface sediment * corresponding author; e-mail: bouhilaghania@yahoo.fr samples (0-10 cm) were taken from five locations near Beni Haroun Dam in spring 2016 (Fig. 1) . The sediments were dried, pulverized, homogenized, weighed and packed into small cylindrical plastic containers for approximately 30 days (∼ 7 half-lives) to reach secular equilibrium between the 238 U and 232 Th series and their respective progeny, before the measurements. The activity concentrations of these samples were measured using a planar BEGe detector (Broad Energy Germanium, model BE3825) which has a relative efficiency of 28% and an energy resolution of 1.72 keV at 1332 keV. All spectra were analysed using the Genie 2000 software (Canberra). Spectrum of each sample was collected for 86400 seconds.
The absolute efficiency calibration of the gamma spectrometer has been carried out using standard source IAEA-384. The counting geometry for the sources and sediment samples were identical. The activity concentrations were averaged from gamma-ray photo peaks at several energies, assuming secular equilibrium in the 238 U and 232 Th series. The absorbed dose rate in air at 1 m above the ground surface and annual effective dose are calculated using Eqs. (1) and (2), respectively [1] : Table I , are lower than the world averages of 59 nGy/h and 70 µSv/y [1] , respectively. Besides, the results were evaluated in terms of the radiation hazard by means of the radium equivalent activity (Ra eq ) which is calculated through the relation given by [17, 18] .
Ra eq = 0.077A K + 1.43A Th + A Ra .
The Ra eq values for investigated locations are shown in Table II . In addition, H ex and H in indices were calculated by means of [17, 19] :
In Table II , the values of H ex and H in indices range from 0.15 to 0.20 and 0.19 to 0.27, respectively. The values of Ra eq , H ex and H in in the study area are below their permissible limits, which indicates that the sediments do not pose any significant radiation hazard. Table III illustrates the comparison of the results obtained in present study with the activity concentrations of natural radionuclides reported in [12] [13] [14] [15] [16] for some African countries. The mean values of 226 Ra, 232 Th in sediment samples of the present work are higher than those of the other countries, with the exception of Nigeria and Sudan. The activity of 40 K is close to those of Ghana and Egypt, but it is lower than the ones of Nigeria and Sudan. 
Conclusions
The present study was carried out to give a baseline reference data about the radioactivity levels from natural radionuclides in sediment samples, collected from some locations around Beni Haroun Dam, evaluated using high resolution gamma-ray spectrometry (HPGe detector). The results indicate that the activity levels of 226 Ra, 232 Th and 40 K natural radionuclides in all samples are lower than the world values reported by UNSCEAR [1] . Presence of anthropogenic radionuclide 137 Cs was shown in three locations, with different values. Moreover, the obtained values of absorbed dose rate, annual effective dose, radium equivalent activity, external and internal hazard indices were found do be below the permissible limits.
